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© Improvement in film-forming on substrate by sputtering. 

© In a process for the deposition of a film of an 
inorganic substance such as silicon carbide on the 
surface of a substrate such as a silicon wafer by the 
method of sputtering, as in the process for the 
preparation of a membrane to serve as an X-ray 
lithographic mask, using a target disc and a sub- 
strate disc held in parallel to each other, uniformity 
in the internal stress of the deposited film can be 
improved by displacing the target or the substrate 
relative to each other during the sputtering proce- 
dure in the direction parallel , to the surface of the 
target or substrate in a distance of at least 1 mm. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an improve- 
ment in the process for forming a thin film of an 
inorganic substance on the surface of a substrate 5 
by the method of sputtering. More particularly, the 
invention relates to an improvement in the process 
of film-forming of an inorganic substance on the 
surface of a substrate, as in the method for the 
preparation of a membrane to serve as a mask for w 
X-ray lithography, by the sputtering method to 
cause deposition of the inorganic substance on the 
substrate surface. 

As is known, the method of X-ray lithography is 
highlighted as a promising technoilogy in the near 75 
future for fine patterning in the manufacture of 
various kinds of semiconductor devices along with 
the recent trend toward more and more increased 
fineness in patterning. The X-ray lithography is 
performed by using a membrane of an X-ray-per- 20 
meable inorganic substance such as boron nitride, 
silicon carbide, silicon nitride and the like as a 
mask bearing a pattern formed of an X-ray-im- 
permeable substance. Such a membrane of an X- 
ray-permeable substance is prepared by the depo- 25 
sition of a thin film of the substance on the surface 
of a substrate by the method of chemical vapor- 
phase deposition (CVD) or sputtering followed by 
removal of the substrate to leave the thin film in the 
form of an unsupported but framed membrane. 30 

Each of the above mentioned CVD method and 
sputtering method has its own advantages and 
disadvantages as a method for film-forming on the 
substrate surface. For example, the CVD method, 
in which the film is deposited on the substrate 35 
surface by the reaction and decomposition of the 
gaseous reactant materials in the vapor phase, is 
subject to a problem that impurities, such as an 
undesirable element and the like, formed in the 
vapor-phase reaction are sometimes taken into the 40 
deposited film so as not to give a satisfactory 
membrane due to occurrence of pinholes and nod- 
ules on the surface while such an impurity in the 
membrane of the X-ray mask is sometimes re- 
moved by the irradiation with X-rays so that the 45 
membrane is subject to various defects such as 
appearance of distortion, variation in the stress, 
decrease in the mechanical strengths, decrease in 
the optical transparency and so on. 

The sputtering method, on the other hand, has 50 
another problem. In the high-frequency magnetron 
sputtering method which is undertaken in most 
cases of sputtering in view of the high efficiency as 
compared with other types of sputtering method, 
the thin film deposited on the substrate surface is 55 
not very uniform on the whole area in respect of 
the internal stress. It is usual as a trend that, when 
sputtering is performed with parallel-disc elec- 



trodes, the internal stress is lower in the central 
region of the deposited film, which faces the center 
of the target during sputtering, than in the periph- 
eral region. When a membrane is prepared from 
such an unevenly stressed film deposited on the 
substrate surface, rupture of the membrane some- 
times starts at the central region under a lower 
stress or creases or wrinkles are sometimes 
formed in the central region greatly affecting the 
quality of the X-ray lithographic mask. Accordingly, 
it is eagerly desired to develop an improved sput- 
tering method by which high uniformity is ensured 
in the internal stress of the sputtering-deposited 
film on a substrate surface from which high-quality 
X-ray lithographic masks can be prepared in a high 
yield. 

SUMMARY OF THE INVENTION 

The present invention accordingly has an ob- 
ject to provide an improved sputtering method for 
the deposition of an inorganic substance on the 
surface of a substrate, by which high uniformity is 
ensured in the internal stress of the deposited film 
on the substrate surface so as to be freed from the 
disadvantages of occurrence of rupture or creases 
in the membrane prepared from the deposited sur- 
face film. 

Thus, the present invention provides an im- 
provement, in the process for the formation of a 
thin film of an inorganic substance deposited on 
the surface of a substrate by sputtering in which a 
target made from the inorganic substance in the 
form of a disc and a substrate in the form of a disc, 
on which the thin film is deposited by sputtering, 
are held in parallel in an atmosphere of a reduced 
pressure and a high-frequency electric power is 
applied therebetween to cause sputtering, which 
comprises displacing the target and the substrate 
relative to each other during the process of sputter- 
ing in the direction in parallel to the surface of the 
target or substrate keeping the parallelism there- 
betweem. 

The relative displacement of the target and 
substrate can be performed as a continuous move- 
ment or as an intermittent movement and the dis- 
tance of the displacement is preferably at least 1 
mm. 

BRIEF DESCRIPTION OF THE DRAWING 

The figure schematically illustrates one of nine 
silicon wafers as the substrate having a small 
square region indicated by ® to ® in a checker- 
board arrangement, on which a film of silicon car- 
bide and the like was deposited by sputtering to 
examine the uniformity, among the nine regions, of 
the internal stress of the deposited film followed by 
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conversion of the deposited film into a membrane 
in one of the nine square regions. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As is described above, the most characteristic 
feature in the inventive improvement consists, in 
contrast to the conventional sputtering method in 
which the relative disposition of the target and the 
substrate is kept unchanged throughout the sput- 
tering process, in the relative displacement of the 
target and the substrate held in parallel during 
proceeding of the sputtering deposition of the in- 
organic substance to form a thin film on the sub- 
strate surface. 

The improvement of the invention is applicable 
to the sputtering process for the deposition of any 
inorganic substance on the substrate surface al- 
though the advantages of the inventive improve- 
ment are very remarkable in the preparation of a 
membrane for an X-ray lithographic mask for which 
high uniformity in the internal stress of the mem- 
brane is essential. 

The improvement of the invention is applicable 
to the sputtering method in general regardless of 
the type of sputtering but the so-called high-fre- 
quency magnetron sputtering method is preferable 
in respect of the high efficiency to ensure a high 
rate of film deposition which is essential for mass 
production. In the sputtering method, the target 
made from a substance to form the deposited film 
and the substrate each in the form of a plane disc 
are held in parallel, usually, up and down just to 
face each other in an atmosphere of a reduced 
pressure filled with an inert gas such as argon, 
xenon, helium and the like, optionally, with admix- 
ture of other gases such as nitrogen, hydrocarbons, 
e.g., methane and ethane, and the like when so- 
called reactive sputtering is to be performed. The 
pressure of the sputtering atmosphere has a sub- 
stantial influence on the internal stress of the film 
deposited on the substrate surface. In order that 
the internal stress of the deposited film is tensile 
having a specified value suitable for the membrane 
preparation, the pressure is preferably in the range 
from 0.001 to 0.1 Torr. 

The substance from which the target is pre- 
pared naturally depends on the substance forming 
the desired membrane or film deposited on the 
substrate surface without particular limitation. When 
the sputtering film-formation is conducted for the 
preparation of an X-ray lithographic mask mem- 
brane, for example, substances proposed therefor 
include boron nitride, silicon carbide, silicon nitride, 
silicon dioxide, boron carbide and the like either 
alone or as a combination of two kinds or more to 
form a composite such as silicon carbide-silicon 
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nitride. Silicon carbide, silicon nitride and a com- 
posite thereof, i.e. silicon carbide-silicon nitride, are 
particularly preferred in respect of the high X-ray 
transmissivity and optical transparency to ensure 

s exactness in the alignment of the mask as well as 
in respect of the stability against irradiation with X- 
rays to ensure good durability of the membrane 
mask. The target is prepared by compression- 
molding the substance in a powdery form into a 

70 disc which is subjected to sintering at a high tem- 
perature depending on the particular substance ac- 
cording to a well established procedure. The sub- 
stance forming the target should desirably have a 
purity as high as possible in order that the depos- 

75 ited film may have a high purity to ensure good 
quality of the membrane. In this regard, the purity 
should be at least 99% or, desirably, 99.9% by 
weight in the preparation of an X-ray lithographic 
mask membrane. 

20 The material forming the substrate is not limita- 

tive depending on the particular application of the 
membrane. When the sputtering is performed for 
the preparation of an X-ray lithographic mask mem- 
brane, it is usual that a substrate of fused quartz 

25 glass or high-purity silicon is used as the substrate 
in consideration of the heat resistance of the ma- 
terial to withstand the elevated temperature at 
which the substrate is heated and kept during the 
sputtering process as well as the good adhesion to 

30 the deposited film and high smoothness of the 
surface of the substrte made from these materials 
in the form of a disc or wafer. Namely, the tem- 
perature of the substrate should be 100 'C at the 
lowest but it is preferable to keep the substrate at a 

35 higher temperature as high as possible in order to 
ensure good adhesion of the deposited film to the 
substrate surface. 

in the sputtering process, the above described 
target and the substrate each in the form of a disc 

40 are held up and down in parallel to face each other 
and a high-frequency electric power is applied 
therebetweem. The electric power should be as 
high as possible because the rate of film deposition 
depends on the electric power. It is desirable that 

45 the electric power is at least 5 watts per cm 2 area 
of the target surface. The sputtering process is 
continued by the application of the high-frequency 
electric power until the film deposited on the sub- 
strate surface has a thickness of about 0.5 to about 

so 3.0 urn when an X-ray lithographic mask mem- 
brane is desired. When the thickness is too small, 
the membrane prepared from the deposited film 
has poor mechanical strengths not to be process- 
able into a membrane or not to ensure durability of 

55 the membrane prepared therefrom. When the thick- 
ness of the deposited film is too large, the mem- 
brane prepared therefrom has a decreased optical 
transparency. 
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As is mentioned before, the most characteristic 
feature of the improvement by the present inven- 
tion consists in the relative displacement of the 
target and the substrate to each other during the 
process of sputtering. This is in contrast to the 
conventional sputtering method in which the rela- 
tive disposition of the target and the substrate is 
stationary throughout the sputtering process. The 
relative displacement of the target and/or substrate 
is performed within the plane in parallel to the 
surface of the target or substrate keeping the par- 
allelism therebetween. When the target and the 
substrate are held up and down vertically each to 
face the other as is the case in most of the cur- 
rently available sputtering apparatuses, namely, the 
displacement is made in the horizontal direction. 
The manner of the displacement is not limited to a 
straightly linear movement but the movement can 
be along a curved line as in a revolutionary move- 
ment around an axis. At any rate, the distance of 
the relative displacement should be at least 1 mm 
or, preferably, at least 2 mm for each point on the 
surface of the target or substrate. Though not limi- 
tative, the distance of the displacement should not 
exceed 10 mm or, preferably, 5 mm because no 
particular additional advantages can be obtained by 
so increasing the distance of the displacement 
even when permitted by the apparatus conditions. 
The displacement can be performed either in a 
continuous reciprocative movement or in an inter- 
mittent movement in alternately reversed direc- 
tions. 

Since the scope of the inventive improvement 
consists in the relative displacement of the target 
and the substrate, it is optional that either one of 
the target and the substrate is moved or both of 
them are moved to effect the desired relative dis- 
placement. It is, however, usual that the substrate 
is moved with the target kept unmoved since most 
of the currently available sputtering apparatuses 
are so designed. The relative displacement of the 
target and the substrate is performed by keeping 
the parallelism without changing the distance there- 
between in the perpendicular direction because 
changes in the distance therebetween greatly affect 
the rate of film deposition to cause a complicated 
problem without particular advantages. 

As to the frequency of the relative displace- 
ment of the target and substrate, it is desirable that 
the displacement is performed as frequently as 
possible if it is not too troublesome or permitted by 
the apparatus conditions although a single dis- 
placement is sufficient in certain cases during the 
sputtering process. When two times or more of 
intermittent displacements are undertaken, the suc- 
cessive displacing movements can be in the same 
direction or in the reverse directions so that the 
displacing movements are conducted repeatedly 



back and forth or to the right and left. It is essential 
that each displacement is preceded and succeeded 
by a substantial increment in the thickness of the 
deposited film although the increment in the thick- 

5 ness of the deposited film before preceding and 
succeeding each displacement should not exceed 
1 .0 urn. For example, it is not fully effective that a 
single displacement is undertaken immediately 
after the start of the sputtering without being fol- 
io lowed by a second displacement or that a single 
displacement is undertaken just before termination 
of the sputtering without being pr-ceded by another 
displacement. In this regard, each displcement 
should preferably be preceded and succeeded by 

75 an increment in the thickness of the deposited film 
in the range from 0.01 urn to 0.1 urn. When the 
displacement is conducted in a continuously re- 
peated cycles of back and forth reciprocative 
movement, the increment in the thickness of the 

20 deposited film during a half cy-le of the reciproca- 
tive movement should be in the range from 0.01 
urn to 0.1 urn. When the displacement is under- 
taken in a continuous movement of the target or 
substrate, the velocity need not be so large as to 

25 exceed the moving distance of 1 mm in a length of 
time during which the increment in the deposited 
film thickness is 0.1 urn but should be large 
enough to have a moving distance of 1 mm in a 
length of time during which the increment in the 

30 deposited film thickness is 0.01 urn. 

After completion of the film formation by the 
deposition on the substrate surface in the above 
described manner, the substrate is removed off 
from the deposited film by a suitable method such 

35 as etching on a specified area leaving a portion to 
serve as a frame for the membrane of the inorganic 
substance. It is important in order to obtain a 
membrane having high mechanical strengths that 
the film deposited on the substrate surface is under 

40 a tensile internal stress in the range from 0.1 to 
10.0 x 10 9 dyn/cm 2 or, preferably from 0.5 to 5.0 x 
10 9 dyn/cm 2 . When the internal stress is tensile but 
outside the above mentioned range or is compres- 
sive, no satisfactory membrane can be prepared 

45 from the deposited film. 

The film of the inorganic substance deposited 
on the substrate surface by sputtering according to 
the improvement of the invention is very uniform in 
respect of the internal stress over the whole area of 

so the film as formed so that the membrane prepared 
from the surface-deposited film ia very strong with- 
out the troubles of eventual rupture and free from 
occurrence of creases or wrinkles with excellent 
smoothness of the surface so that it is useful not 

55 only as an X-ray lithographic mask membrane but 
also as a membrane material for other purposes. 

In the following, the improvement of the inven- 
tion is described in more detail by way of exam- 
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pies and comparative examples which, however, 
should not be construed to limit the scope of the 
invention in any way. 

Example 1 . 

A target of silicon carbide having a purity of 
99.9% in the form of a disc of 3 inches diameter 
and 5 mm thickness prepared by a conventional 
sintering method was set on the cathode in the 
sputtering chamber of a high-frequency magnetron 
sputtering apparatus (Model SPF-332H, a product 
by Nitiden Anelva Co.). A high-purity silicon wafer 
polished on both surfaces having a diameter of 3 
inches and a thickness of 600 urn was set as a 
substrate just to face the above mentioned silicon 
carbide target in a parallel disposition. Namely, the 
line connecting the centers of the target and the 
substrate was perpendicular to the surface of the 
target and substrate. This disposition is called the 
neutral disposition hereinbelow. The sputtering 
chamber was then closed and evacuated and the 
pressure inside the. chamber was kept at 0.05 Torr 
by the balance of the continued evacuation and 
continuous introduction of argon gas at a rate of 7 
ml per minute by means of a valve on the duct 
communicating with the evacuation system. 

While keeping the substrate at a temperature 
of 300 C, a high frequency electric power at a 
frequency of 13.56 MHz was applied between the 
target and the substrate to start sputtering. The 
electric power density was 10 watts per cm 2 area 
of the target surface. The sputtering process was 
continued for 15 minutes in the above described 
manner so that the silicon carbide film deposited 
on the substrate surface had a thickness of about 
1.0 urn. During this 15 minutes period of sputter- 
ing, the substrate was moved reciprocatively to the 
right and left starting from the above mentioned 
neutral disposition in an amplitude of 6 mm so that 
the center point of the target disc was brought to 
face the substrate disc along a 6 mm long line 
extending to both sides of the center point of the 
substrate surface. 

The internal stress of the thus deposited silicon 
carbide film was tensile having a value of 2.4 x 10 9 
dyn/cm 2 as calculated from the change in the warp- 
ing of the silicon wafer bearing the silicon carbide 
film deposited thereon. Namely, the above men- 
tioned value of the tensile stress was obtained as 
an average over the whole surface area of the 
deposited film. 

Example 2. 

The experimental procedure was substantially 
the same as in the above described Example 1 
except that the relative displacement of the target 



and the substrate was effected by the intermittent 
and jerking movement of the substrate first righ- 
twardly in a distance of 3 mm and then leftwardly 
twice each in a distance of 3 mm followed by a 
5 repetition of each twice of the rightward and left- 
ward movements each time in a distance of 3 mm 
at 1 minute intervals after the start of the sputter- 
ing. 

The silicon carbide film deposited on the sub- 
10 strate surface in the above described manner had a 
tensile internal stress of 2.5 x 10 9 dyn/cm 2 as an 
average for the whole area. 

Example 3. 

75 

The experimental procedure was substantially 
the same as in the above described Example 2 
except that the interval of the intermittent move-' 
ments of the substrate was 3 minutes instead of 1 
20 minute. 

The silicon carbide film deposited on the sub- 
strate surface in the above described manner also 
had a tensile internal stress of 2.5 x 10 s dyn/cm 2 . 

25 Example 4. 

The experimental procedure was substantially 
the same as in the above described Example 2 
except that the target disc was prepared from an 
30 equimolar blend of silicon carbide and silicon 
nitride and the pressure inside the sputtering 
chamber was kept at 0.06 Torr instead of 0.05 Torr. 

The composite film deposited on the substrate 
surface in the above described manner had a ten- 
35 sile internal stress of 1.8 x 10 9 dyn/cm 2 . 

Example 5. 

The experimental procedure was substantially 
40 the same as in the above described Example 4 
except that the target disc was prepared from 
silicon nitride alone instead of a blend with silicon 
carbide. 

The silicon nitride film deposited on the sub- 
45 strate surface in the above described manner had a 
tensile internal stress of 2.9 x 10 9 dyn/cm 2 . 

Comparative Examples 1 to 3. 

so The experimental procedure in each of these 
Comparative Examples 1 to 3 was substantially the 
samne as in the above described Examples 1, 4 
amd 5, respectively, except that the substrate was 
kept unmoved during the sputtering process. 

55 The films deposited on the substrate surfaces 
in the above mentioned manner had tensile internal 
stresses of 2.4, 2.2 and 1 .9 x 1 0 9 dyn/cm 2 , respec- 
tively. 
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Uniformity in the distribution of internal stress 

Since the distribution of the internal stress over 
the whole surface of the deposited film could not 
be evaluated by the warping measurement, nine 5 
specimens of the silicon wafers having a film de- 
posited thereon were prepared in the same manner 
as under the conditions in each of the above de- 
scribed Examples 1 to 5 and Comparative Exam- 
ples 1 to 3 and the silicon substrate was removed w 
in differently localized areas from these nine speci- 
mens as described below to convert the deposited 
film into an unsupported membrane in the localized 
area to make comparison for the condition of the 
membranes in different areas on the substrates. 75 

Thus, each of the 9 substrate wafers was pro- 
vided on the back surface with a deposited film of 
amorphous boron nitride having a thickness of 0.5 
urn by the plasma CVD method to serve as a 
resist layer against wet-process etching with an 20 
etching solution of potassium hydroxide. The back 
surface of the substrate wafer having the resist 
layer was masked with a stainless steel mask plate 
having a 10 mm by 10 mm square opening in one 
of the checkerboard arrangement of nine 10 mm 25 
by 10 mm squares marked © to ® as illustrated 
in the figure of the accompanying drawing and the 
resist layer of amorphous boron nitride in the thus 
exposed area was removed by dry etching with 
carbon tetrafluoride gas containing 4% by volume 30 
of oxygen. Then, the silicon wafer in the thus 
unprotected area was dissolved away by wet etch- 
ing with a 15% aqueous solution of potassium 
hydroxide to convert the deposited film into an 
unsupported membrane in the 10 mm by 10 mm 35 
area. The condition of the membranes formed in 
this manner in the different areas on the nine 
substrate wafers was visually examined. 

The results of this visual inspection test were 
that the condition of the membrane was quite sat- 40 
isfactory in all of the nine areas in each of Exam- 
ples 1 to 5 while some creases were found in the 
areas (§), © and ® in Comparative Example 1, in 
the areas @ and © in Comparative Example 2 
and in the areas © and (§) in Comparative 45 
Example 3. 



between to cause sputtering, an improvement 
which comprises displacing the target and the 
substrate relative to each other during the pro- 
cess of sputtering in the direction in parallel to 
the surface of the target or substrate keeping 
the parallelism therebetweem. 

The improvement as described in claim 1 in 
which the distance of displacement is at least 
1 mm. 



Claims 



In a process for the formation of a thin film of 
an inorganic substance deposited on the sur- 
face of a substrate by sputtering in which a 
target made from the inorganic substance in 
the form of a disc and a substrate in the form 
of a disc, on which the thin film is deposited 
by sputtering, are held in parallel in an at- 
mosphere of a reduced pressure and a high- 
frequency electric power is applied there- 
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